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ABSTRACT
This paper highlights the importance to shift from the use of traditional fossil fuels to the clean energy sources
such biodiesel. In this regard, simulation design studies have been conducted using ASPEN HYSIS software for the
production of pure and blended B20 biodiesel form castor oil. The simulation cases will be introduced and the properties of
the pure and the blended B20 biodiesel will be highlighted. A superiority of the biodiesel B20 blend over the pure one has
been highlighted in terms of enhancing, most importantly, the viscosity and the density beside to other properties which
also will be summarized.
Keywords: biodiesel; b20 blend; castor oil; simulation; density; viscosity.

1. INTRODUCTION
Climate change is one of the biggest challenges
humans suffer recently. This disaster threatening our lives
and even can destruct our ecosystem (Demirbas 2008).
The main contributor to this problem is burning the fossil
fuels that are being used in many industries and in
automotive and jet engines (Wuebbles and Jain 2001). The
burning of such traditional fuels emits large amounts of
greenhouse gases (GHGs) that trap more heat that
supposed to escape out of the atmosphere, “the greenhouse
effect”. This definitely is the primary reason for increasing
the temperature of the atmosphere and rising the problem
of “Global Warming” that is being recently discussed in
all climate talks and international events (Nations 2021).
Fortunately, renewable and clean energy sources were
found to decrease such bad impact and also guarantee
sustainable energy sources for the next generations (AlAkraa, Mohammad et al. 2015, Al-Akraa, Asal et al. 2018,
Al-Akraa, Asal et al. 2018, Al-Akraa, Mohammad et al.
2018, Al-Akraa, Asal et al. 2019, Al-Akraa, Asal et al.
2019, Al-Akraa, Asal et al. 2019, Al-Akraa, Ohsaka et al.
2019, Asal, Al-Akraa et al. 2019, Gielen, Boshell et al.
2019, Abdulhalim, Asal et al. 2020, Abuzaied, Asal et al.
2020, Al-Akraa, Al-Qodami et al. 2020, Al-Akraa, AlQodami et al. 2020, Al-Akraa and Mohammad 2020). In
this regard, biodiesel is receiving a great global attention
because of its renewability, biodegradability, non-toxicity
and free of sulfur content (Prasada Rao, Victor Babu et al.
2017). In spite of higher emission level of NOx, the
emission from biodiesel combustion contained lower
amounts of CO, CO2, HC and smoke (Chattopadhyay and
Sen 2013). Moreover, it is compatible with any diesel
engine so no needs to redesign the current engine
technology (Demirbas 2009).
Biodiesel mostly obtained through the
transesterification of vegetable oils or animal fats. In this
reaction, triglycerides (TGs) react in the presence of a
catalyst with an alcohol with short-chain to produce
diglycerides (DGs) that react again with alcohol to
produce monoglycerides (MGs) that further react with
alcohol to give ester and glycerol as a byproduct, as
follows (Keera, El Sabagh et al. 2018):

𝑐𝑎𝑡𝑎𝑙𝑦𝑠𝑡

𝑇𝐺𝑠 + 𝑅𝑂𝐻 ↔

𝑐𝑎𝑡𝑎𝑙𝑦𝑠𝑡

𝐷𝐺𝑠 + 𝑅𝑂𝐻 ↔

𝑐𝑎𝑡𝑎𝑙𝑦𝑠𝑡

𝑀𝐺𝑠 + 𝑅𝑂𝐻 ↔

𝐷𝐺𝑠 + 𝑅𝐶𝑂2 𝑅

(1)

𝑀𝐺𝑠 + 𝑅𝐶𝑂2 𝑅

(2)

𝑅𝐶𝑂2 𝑅 (𝑒𝑠𝑡𝑒𝑟) + Glycerol

(3)

Methanol is the most commonly used alcohol
because of its low price as well as its short chain and polar
nature (Balat and Balat 2010, Leung, Wu et al. 2010).
Catalyst may be an acid (heterogeneous), an alkali
(homogeneous), or an enzyme (Leung, Wu et al. 2010).
Castor oil is one of the vegetable oils that most
widely used for biodiesel production because of its
inexpensive cultivation process (50% of the cost of
planting rapeseed and 25% of the cost of planting jatropha
(Gui, Lee et al. 2008)) and its more availability compared
with edible oils (Atabani, Silitonga et al. 2012). The castor
oil seeds usually contain 40-55% of oil, a very high
percentage compared to other most commonly used oil
crops (soybean: 15-20% (w/w), sunflower: 25-35% (w/w),
rapeseed 38-46% (w/w), and palm: 30-60% (w/w)
(Atabani, Silitonga et al. 2012).
Castor oil presents between 80 and 90% of
hydroxyl fatty acid, ricinoleic acid (12-hydroxy-9-cisoctadecenoic acid) and about10% non-hydroxylated fatty
acids, mainly oleic and linoleic acids (Dias, Araújo et al.
2013, Keera, El Sabagh et al. 2018). Such unique
composition brings a challenge for its use in biodiesel
production, since its viscosity is about seven times higher
than that of other vegetable oils (Banković-Ilić,
Stamenković et al. 2012). Also, because castor oil is
highly hygroscopic, water content might also be higher
than desirable. To overcome such disadvantages, its use in
mixture (blend) with petrodiesel has become effective to
ensure specifications in standards (Knothe, Cermak et al.
2012).
In this manuscript, a simulation study is
conducted using ASPEN HYSIS software to design a case
that produces a biodiesel with high purity. Another
comparative case for the modification of biodiesel with
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petrodiesel (80% biodiesel + 20% petrodiesel, B20 blend)
is conducted aiming to enhance the properties of the
product.
2. EXPERIMENT
ASPEN HYSYS version 10 was used to simulate
the production of biodiesel. The input design, conditions,
compositions and material streams are shown in Figure-1.
3. RESULTS AND DISCUSSIONS
3.1 Simulation Case for Biodiesel Production
In this case (Figure-2), a simulation has been
conducted to produce biodiesel from castor oil that has the
name of TRIOLEIN with the reaction with methanol to
produce biodiesel and glycerol.
Firstly, the oil was mixed with methanol in a
mixer where the temperature of the inlet feed of oil and
alcohol was 15 oC and then after mixing, the stream got
out of the mixer was heated at a heater to raise the
temperature of the stream to 25 oC. Next, the stream got
out from the heater enters a CSTR reactor where the
reaction between the oil and the alcohol took place. It is
important to mention that the reaction in the CSTR took
place in a liquid phase so the top product and the bottom
product from the reactor have the same phase so they have
the same composition and equal semi flow rate. The two
products were then mixed in a mixer and the temperature
raised to 61.6 oC before reaching the distillation column at
which the non-reacted methanol in the first distillation
process was separated as a top product and the bottom
products biodiesel, glycerol and the TRIOLEIN that did
not react with methanol at the CSTR. After that, the
bottom products from the first distillation were transferred
to two consecutive coolers to cool the stream before the
second distillation process at which biodiesel and glycerol
were separated, as top products, from the unreacted oil that
was separated as a bottom product. To separate biodiesel
from glycerol, a settling tank was used and the withdrawn
biodiesel was moved across a cooler to cool the stream
then stored at storage tank. Interestingly, the produced
biodiesel was with high purity reach 98.5% and its other
properties will appear in the next section.

3.2 Biodiesel Properties from the Simulated Case
Figure-3 shows the biodiesel properties from the
simulated case. Figure-4 also shows the viscosity plot that
indicates the ability of biodiesel to flow, where biodiesel
cannot be used in engine without a specific range of
viscosity and this figure shows the change in viscosity of
the produced biodiesel when the pressure change at
constant temperature. Additionally, Figure-5 shows the
density plot that indicates the density of the produced
biodiesel where the perfect density of standard biodiesel
equal 878 kg/m3 (Trindade 2018) and the density of the
produced biodiesel equal 883.4 kg/m3 at the same
conditions. This means that the density of the produced
biodiesel followed the standard biodiesel specifications.
3.3 Biodiesel B20 Blend Simulation Case
This simulation case (Figure-6) was relied on the
last part of the previous simulation case where the
biodiesel produced from the first simulation case was
added in the mixer to diesel fuel with percentage 80:20 %
respectively to produce B20 blend which considered one
of the most important and available blends for biodiesel
because of its excellent efficiency and properties (Gold
2019).
3.4 Biodiesel B20 Properties from the Simulated Case
Figure-7 shows the biodiesel B20 blend
properties from the simulated case. Figure-8 also shows
the viscosity plot that indicates the ability of biodiesel to
flow, where biodiesel cannot be used in engine without a
specific range of viscosity and this figure shows
decreasing the viscosity (cP, 2.667) compared to 10.56
value obtained at the same conditions for pure biodiesel
production case. Additionally, Figure-9 shows the density
plot for the produced biodiesel B20 blend. The density
obtained, 789 kg/m3, matched to a great extent with the
reference value, 820 kg/m3 obtained at the same
conditions. This also means that the density of the
produced biodiesel B20 blend follows biodiesel
specification.
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Figure-1. The input design, conditions, compositions and material streams.
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Figure-2. Simulation case for biodiesel production.
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Figure-3. Biodiesel properties from the simulated case.
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Figure-4. Viscosity plot.

Figure-5. Density plot.
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Figure-6. Simulation case for biodiesel B20 blend production.
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Figure-7. Biodiesel B20 blend properties from the simulated case.
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Figure-8. Viscosity plot.

Figure-9. Viscosity plot.
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4. CONCLUSIONS
This study highlighted the importance of using
biodiesel as a non-traditional clean energy source.
Simulation design studies have been conducted using
ASPEN HYSIS software for the production of pure and
blended B20 biodiesel form castor oil. The simulation
cases have been introduced and the properties of the pure
and the blended B20 biodiesel have been highlighted. A
superiority of the biodiesel B20 blend over the pure one
has been emphasized in terms of enhancing, most
importantly, the viscosity (from 10.56 to 2.667 cP) and the
density (from 883.4 to 789.3 Kg/m 3@std conditions) that
are very important in the specifications of biodiesel.
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